Genomic imprinting is an epigenetic phenomenon in which the expression of a gene copy inherited from the mother differs from that of the copy inherited from the father. Many imprinted genes appear to be highly interconnected through interactions mediated by proteins, RNA, and DNA. These kinds of interactions often favor the evolution of genetic coadaptation, where beneficially interacting alleles evolve to become coinherited. Here I demonstrate theoretically that the presence of gene interactions that favor coadaptation can also favor the evolution of genomic imprinting. Selection favors genomic imprinting because it coordinates the coexpression of positively interacting alleles at different loci. Evolution is expected to proceed through a scenario where selection builds associations between beneficial combinations of alleles and, if one locus evolves to become imprinted, it leads to selection for its interacting partners to match its pattern of imprinting. This process should favor the evolution of physical linkage between interacting genes and therefore may help explain why imprinted genes tend to be found in clusters. The model suggests that, whereas some genes are expected to evolve their imprinting status because selection directly favors a specific pattern of parent-oforigin-dependent expression, other genes may evolve imprinting as a coevolutionary response to match the expression pattern of their interacting partners. As a result, some genes will show phenotypic effects consistent with the predictions of models for the evolution of genomic imprinting (e.g., conflict models), but other genes may not, having simply evolved imprinting to follow the lead of their interacting partners.
epistasis | recombination G enomic imprinting is an epigenetic phenomenon in which the expression of a gene depends on its parent of origin (1) . Since its discovery, there has been a great deal of interest in understanding the evolutionary processes that could favor such a peculiar pattern of monoallelic gene expression. Consequently, there is a diversity of potential explanations for the evolution origins of imprinted expression, with most of the currently favored theories relying on some "asymmetry" that generates selection favoring silencing of either the paternally or the maternally inherited alleles (2, 3) . Such conditions favoring genomic imprinting can arise most notably from conflict between the maternal and paternal genomes over maternal investment (4, 5) , but can also arise from selection favoring coadaptation of gene expression in mothers (or potentially fathers) and their offspring (6) , patterns of asymmetrical inheritance (7, 8) , selection for parental similarity (9) or histocompatibility (10) , and sexually antagonistic selection (11) . These theories have generated valuable hypotheses about the functions of imprinted genes, which can provide important insights into the nature of their phenotypic effects, including the role of imprinted genes in various pathologies (e.g., refs. 12, 13).
Although imprinted genes are members of many different gene families (14, 15) , produce a diversity of proteins and noncoding RNAs (16) , and have effects on an assortment of biochemical pathways (17) , they tend to share two conspicuous patterns. First, imprinted genes tend to have a clustered distribution in mammalian (15, 18, 19) and plant genomes (20) , with the mammalian clustering appearing to be conserved in vertebrate evolution (21) . Second, imprinted genes appear to modulate a limited number of types of traits, with most genes having effects on growth (especially in relation to the demand for maternal provisioning, often via the placenta) and/or behaviors (17, 22) , with behavioral effects being largely associated with parental and social behaviors (13, (23) (24) (25) (26) (27) . Many of the theories for the evolution of genomic imprinting arise from or are strongly tied to this apparently limited range of phenotypes influenced by most imprinted genes. For example, the fact that many imprinted genes appear to influence prenatal growth and placental traits has been seen as support for a role of conflict (28, 29) or coadaptation in the origins of imprinting (6) , as has the role of imprinted genes in social behavior (e.g., refs. 25, 26) (although it is important to keep in mind that there are also many cases that do not clearly fit theoretical predictions, e.g., ref. 30). Consequently, existing theories are generally consistent with the observation that there is a limited range of traits affected by imprinting (which is not surprising because they have been motivated to explain these phenotypic effects). However, existing theories generally do not explain or involve the clustered nature of imprinted genes (31), although genetic conflict has been seen as a potential explanation for the clustering and interfering effects of RNAs at the callipyge locus (32) .
The fact that imprinted genes affect a limited number of trait types provides ample opportunities for interactions between imprinted genes. Indeed, imprinted genes appear to be highly interactive; for example, a meta-analysis of microarray data (33) has identified an imprinted gene network (IGN) [also referred to as the Zac1-regulated IGN, where Zac1 is a zinc finger protein that regulates apoptosis and cell cycle arrest (34) ], where a set of coregulated imprinted genes appears to play an important role in modulating embryonic growth. Likewise, a systems study of the human "interactome" suggests that imprinted genes are tightly connected through interactions in the protein interaction network, composing a functionally important "module" of the human interactome that is particularly intolerant of errors (35) . Furthermore, noncoding RNAs appear to provide opportunities for interactions between loci within imprinted gene clusters (16) , as do direct regulatory interactions within and between chromosomes, which show a strong overrepresentation of imprinted domains (36) . For example, locally acting trans interactions involving RNA are responsible for the callipyge phenomenon in sheep (37) . Interactions between imprinted genes located in different chromosomes have also been reported (38, 39) .
Imprinted genes are often coregulated (19) and tend to show coordinated expression, which provides a strong opportunity for selection to favor genetic coadaptation, where combinations of beneficially interacting alleles (i.e., alleles that "work well" together) are coinherited (40) . That is, given the temporal and spatial coupling of imprinted gene expression there is ample opportunity for imprinted gene products to interact in their effects on fitness, which could lead to genetic coadaptation. For example, the IGN includes at least 16 imprinted genes that tend to be coexpressed and show coordinated changes in response to differentiation (41), mutation (e.g., knockout of H19 leads to upregulation of several members of the IGN, ref. 42) , and in vitro manipulation (e.g., in vitro fertilization disrupts patterns of methylation at specific sites within the H19-Igf2 (insulin-like growth factor 2) locus, and these disruptions appear to be compensated for through the IGN, ref. 43) . A subset of 11 of the genes in the IGN has also been identified as a coexpressed group that shows coordinated down-regulation across multiple tissues through time (34) . The fact that imprinted gene clusters are often coregulated by imprinting control elements (44) also suggests the need for coordinated expression. This clustered distribution may also reflect an evolutionary history where natural selection has built coadapted associations among interactors.
Here I build a simple model in which alleles at a pair of loci interact to affect fitness and imprinting evolves as a result of modifier loci. Using a classic model of gene interactions I demonstrate that the evolution of genomic imprinting at one locus can drive the imprinting status at other loci that interact with that imprinted gene. The genes that interact with imprinted loci are expected to evolve a pattern of imprinting that matches the imprinting pattern of their interacting partner(s). I emphasize that this model is not explicitly concerned with the evolutionary origins of imprinting per se (i.e., why at least one gene becomes imprinted in the first place), but rather, with how the evolution of (or presence of) imprinting at one locus affects the evolution of the imprinting status of that gene's interacting partners.
Model
To examine the general consequences for interaction effects in the evolution of genomic imprinting I build on a simple twolocus system of gene interactions to include a pair of loci (loci C and D) that modify the imprinting status of these interacting loci (loci A and B). The "A" locus has two alleles, A 1 and A 2 , which have frequencies p 1 and p 2 , respectively, and the "B" locus has two alleles, B 1 and B 2 , which have frequencies q 1 and q 2 , respectively. The imprinting status of the A and B loci is modified by the C and D loci, respectively. The C and D loci are, therefore, referred to as the "imprinting modifier loci," whereas the A and B loci are referred to as the "imprintable target loci." The C locus has two alleles, C 1 and C 2 , that have frequencies x 1 and x 2 , respectively, with the C 1 allele leading to imprinted expression at the A locus (and hence referred to as an "imprinting allele"), whereas the C 2 allele leads to ordinary biallelic expression (and is therefore the "nonimprinting allele"). The degree and direction of imprinting (silencing) of the A locus by the C 1 allele are measured by the imprinting parameter i A(C) , where positive values indicate paternal expression (i.e., expression of the paternally inherited allele) and negative values indicate maternal expression. The value of i C(A) is, therefore, bounded at +1 and -1, where a value of ji A(C) j = 1 indicates complete silencing of one allele. Likewise, the D locus has two alleles, D 1 and D 2 , that have frequencies y 1 and y 2 , respectively, with the D 1 allele leading to imprinted expression at the B locus (and hence referred to as an imprinting allele), whereas the D 2 allele leads to ordinary biallelic expression. The pattern of imprinting caused by the D 1 allele is measured by the imprinting parameter i B(D) , with the pattern of effect on the expression of the B locus following that described above for the influence of the C locus on expression at the A locus. The overall pattern of imprinting at the A locus (i.e., the weighted mean expression level) is denoted I A and is defined by the pattern of effect of the imprinting allele, i A(C) , weighted by its frequency, x 1 ; i.e., I A = i A(C ) x 1 . Likewise, the overall mean pattern of imprinting at the B locus has the value i B(D) y 1 and is labeled I B . I use this four-locus system to examine the conditions under which the imprinting alleles at the C and D loci are favored to understand how epistatic interactions between a pair of loci influence the evolution of imprinting at those loci. Selection in this model arises from the assumption that the A and B loci interact to affect fitness. I use the "classic" model of additive-by-additive interactions (45, 46) , which is a simple model of two-locus fitness effects that favors coadaptation, where certain allelic combinations at the interacting loci are favored and other combinations are disfavored. This form of interaction is particularly useful in examining the evolutionary dynamics of imprinting because it does not include any dominance effects. The presence of dominance effects can favor or disfavor the evolution of genomic imprinting solely because monoallelic expression removes the opportunity for dominance effects to be expressed in heterozygotes (i.e., removes the physiological basis for dominance). As a result, imprinting can be favored solely because it leads to monoallelic expression, not because parent-of-origin-dependent expression is favored per se (47, 48) .
Fitness of a four-locus genotype in the absence of imprinting depends solely on the A-B two-locus genotype, but in the presence of imprinting these values are modified by the degree and direction of silencing of alleles and hence depend on the alleles present at the C and D loci. Fitness as a function of the fourlocus genotype is denoted w ijkl , where i, j, k, and l indicate the A-, B-, C-, and D-locus genotype, respectively, where at each locus genotypes are numbered as This fitness model can be conceptualized in various ways, including as a case where "matching" of allelic effects is favored (e.g., the rates of some processes governed by those loci are coordinated by the matching) or the matching of some general allelic property is favored (like binding properties of two interacting proteins, genome sequences, or RNA-target combinations) (see SI Methods, Fitness Model for further consideration of the fitness model).
I assume that the combinations of alleles at the A and B loci that share a subscript (A 1 with B 1 and A 2 with B 2 ) result in higher fitness whereas those that have different subscripts (A 1 with B 2 and A 2 with B 1 ) lead to lower fitness. Baseline fitness is given the value 1. The A 1 B 1 or A 2 B 2 interactions (i.e., positive interaction) within a genotype have a fitness deviation of +s whereas the A 1 B 2 or A 2 B 1 interactions (i.e., negative interaction) within a genotype have a fitness deviation of -s. Genomic imprinting of either locus alters fitness by changing the alleles that are expressed within an A-B two-locus genotype and thereby the average fitness of the possible allelic interactions. For example, the expected fitness of the double heterozygote A 1 A 2 B 1 B 2 , in which all four possible two-locus allelic interactions can occur, has the fitness value
) in the absence of imprinting, but 1 + i A(C ) i B(D) s if there is imprinting at the two loci (i.e., the genotype is Table S1 . The expected fitness of each of the 16 ordered A-B two-locus genotypes under this fitness model is shown in Table S2 .
The frequencies of the 256 possible four-locus ordered genotypes (i.e., combinations of alleles at the A, B, C, and D loci in which alleles are ordered by their parent of origin) are determined by the frequencies of the 16 possible haplotypes under the assumption of random union of gametes (see Table S3 for the definitions of haplotype frequencies). Haplotype and the corresponding genotype frequencies depend on the frequencies of alleles at each locus and the patterns of linkage disequilibria between alleles at different loci. Although linkage disequilibrium (LD) can occur between alleles at any pair of loci, selection builds significant pairwise association only between alleles at the A and B loci (because they interact to affect fitness) and hence I focus primarily on the LD parameter, d AB . See SI Methods, Evolution of Linkage Disequilibrium for a consideration of other LD parameters (see also Eq. S1 and Table S4 All equations presented herein are approximations derived under the assumptions of weak selection in a population that starts in linkage equilibrium, with a high rate of recombination between loci. Therefore, although some equations contain a recombination rate parameter, the approximations will be most accurate when there is free recombination. These weak selection approximations describe the most important determinants of evolutionary dynamics and outcomes, but the exact dynamics can be complicated by the intricacies of hitchhiking and interference dynamics of multilocus evolution when selection is strong or recombination rates are low. See SI Methods for a further discussion of the weak selection assumption.
Population mean fitness can be derived as the sum of the products of the frequencies (F ijkl ) and fitness values (w ijkl ) of the four-locus genotypes (Eq. S1). Mean fitness can be approximated as
(see Eq. S1 for an exact expression). It is clear from Eq. 1 that the presence of matching imprinting patterns, where the two loci show the same sign of imprinting (i.e., I A and I B are the same sign, so the two loci express the allele inherited from the same parent), increases the contribution of LD to mean fitness [captured in the term 2d AB ð1 + I A I B Þ] and can double the contribution of LD to mean fitness when there is complete imprinting [i A(C) = i B(D) = ±1] and the imprinting modifier loci are both fixed for the imprinting alleles (x 1 = y 1 = 1), making I A = I B = ±1. Likewise, opposing imprints (where the two imprinting modifier loci cause conflicting signs of imprinting and both are fixed for the imprinting allele) can reduce the contribution of LD to mean fitness and, when there is complete opposing imprinting at the A and B loci (I A = −I B and the absolute value of each is 1), LD will have no contribution to mean fitness. The fitness of the 16 haplotypes (Table S5) can be used to calculate how selection changes the frequencies of alleles at the imprinting modifier loci and builds associations between the A and B loci (see SI Methods, Evolution of Linkage Disequilibrium for more details and a consideration of other LD parameters). The evolutionary change in the association between alleles at the A and B loci (measured by d AB ) across generations is calculated as the difference in the amount of LD before selection in generation t (indicated by the subscript in Eq. 2) compared with the amount of LD before selection in generation t + 1, with the two generations separated by a round of recombination that occurs after selection in generation t to produce the gametes that form generation t + 1 (49),
where r is the rate of recombination between the A and B loci. A more exact solution is provided in SI Methods (Eq. S4), but the approximation is very close to the exact value under weak selection in a population starting in linkage equilibrium (Fig. S1 ).
The amount of LD generated by selection when there is no existing LD and there is free recombination is given by the top line in brackets in Eq. 2 (which has the value sp 1 p 2 q 1 q 2 ). The bottom line in brackets accounts for the evolution of LD when there is no existing LD but there is restricted recombination between the A and B loci (i.e., r < 1/2). That last term shows that, with restricted recombination and when both loci show the same pattern of imprinting (where I A and I B are the same sign), the evolution of LD will be enhanced, whereas, when the loci show opposite patterns of imprinting (where I A and I B are of opposite sign), the evolution of LD will be impeded. Eq. 2 shows that the sign of the LD generated by selection matches the sign of s. This occurs because the sign of s simply indicates which combination of alleles is favored by selection. Because I have assumed that the imprinting modifier loci have additive effects on the degree of imprinting at the target loci, we can examine the conditions under which selection favors the evolution of genomic imprinting by deriving the patterns of selection on the imprinting alleles as the difference in the expected fitness of the imprinting and nonimprinting alleles (i.e., the mean fitness of the imprinting allele minus the mean fitness of the nonimprinting allele). This measures the additive effect of the imprinting alleles on fitness. For the C locus, the additive effect of the imprinting allele on fitness is simply a C = sd AB i AðCÞ I B [3] and for the D locus is a D = sd AB i BðDÞ I A : [4] Eqs. 3 and 4 demonstrate that selection can favor imprinting at each locus, but only to the degree to which the other locus is already imprinted. For example, the effect of the imprinting allele at the C locus on fitness (a C , Eq. 3) is dependent on the degree of imprinting at the B locus, captured in the parameter I B . Imprinting at either locus is also favored only when there is some level of coadaptation between the interacting A and B loci (i.e., d AB ≠ 0), which will generally occur whenever there is selection favoring coadaptation (Eq. 2). Eqs. 3 and 4 also demonstrate that selection will favor the imprinting allele only when the direction of imprinting at the two loci matches [i.e., i A(C) and i B(D) are of the same sign]. In contrast, when the pattern of imprinting at the two loci is opposing [i.e., i A(C ) and i B(D) are of opposite signs], then both additive effects will be negative and selection will favor the nonimprinting allele (i.e., selection favors the loss of imprinting). To understand how imprinting at the A and B loci evolves we can examine the evolutionary change in the frequency of the imprinting alleles at the C and D loci (Δx 1 and Δy 1 , respectively). If selection is weak, these expressions can be approximated as (see Eqs. S10 and S11 for exact expressions and Fig. S2 for a comparison between the exact expressions and the approximations given below): Eqs. 5 and 6 demonstrate that the evolutionary change in the frequency of the imprinting modifier alleles (and hence the evolution of imprinting at the A and B loci) is simply a function of the additive effect of the imprinting allele on fitness (a C and a D ) and the amount of genetic variation at the locus (x 1 x 2 or y 1 y 2 ).
Discussion
This simple model of gene interactions demonstrates that selection can favor the evolution of genomic imprinting because it coordinates the coexpression of positively interacting coinherited alleles at different loci. Such a scenario, where some combinations of alleles at different loci increase fitness (i.e., "positively interact") and other combinations decrease fitness (i.e., "negatively interact"), is known to favor the evolution of genetic coadaptation, captured in the evolution of associations between positively interacting alleles (i.e., LD, ref. 46) . The model presented here demonstrates that, as the two loci evolve coadaptation, selection favors the loci to show a matching pattern of imprinting. The outcome of this process is that, when the pair of loci interact and show the same pattern of imprinting (i.e., both show either maternal or paternal expression), then the pair of alleles that are inherited together (which are coadapted) are expressed together. However, if neither locus is imprinted, then selection does not favor imprinting at either locus. This situation is a sort of evolutionary stalemate, where it would be adaptive to evolve coordinated imprinting at the two loci, but unless one starts to evolve imprinted expression its interacting partner is not favored to be imprinted. This result implies that the most likely scenario is that selection directly favors imprinting at one locus for whatever reason (e.g., as a result of conflict or coadaptation), and once one locus evolves imprinting, selection then favors its interacting partners to follow its lead and evolve a matching form of imprinting. The evolution of coadaptation is facilitated by the evolution of reduced recombination (presumably achieved by physical linkage) between interacting genes (which maximizes the evolution of LD). Reduced recombination is favored because recombination breaks up adaptive combinations of alleles, a phenomenon known as the recombination load (50) . Furthermore, when there is restricted recombination, then coordinated genomic imprinting, where loci are expressed from the same parental allele, can facilitate the evolution of genetic coadaptation (i.e., evolution of LD) (Eq. 2). The same conditions given for the evolution of LD (Eq. 2) are, therefore, also the conditions under which selection is expected to favor mechanisms that reduce the effective rate of recombination and thereby reduce the recombination load. This scenario could potentially explain some of the clustering of imprinted genes in the genome, although it does not necessarily imply that the clustering evolved before or after the evolution of the imprinting status. Indeed, for at least some clusters, the clustering of genes that are imprinted in mammals appears to predate the evolution of genomic imprinting (21) . Therefore, it is possible that some genes in the cluster evolved imprinting through a process favoring a specific pattern of parent-of-origin-dependent expression and selection for coadaptation and then favored the "spread" of that imprint to other genes in the cluster. This notion mirrors the control of imprinting in clusters, where some genes appear to be the "primary" target of silencing whereas others may be imprinted secondarily as the silencing event spreads locally (although these secondarily imprinted genes may also be "innocent bystanders," ref. 19 ).
Completely opposing imprints at the interacting loci, where the population is fixed for imprinting alleles that cause opposite patterns of imprinting on the A and B loci (with one paternally expressed and the other maternally expressed, which occurs when I A = −I B ), can potentially remove the beneficial effect that coadaptation can have on mean fitness. This result is apparent in the equation for mean fitness (Eq. 1), where the contribution of LD to mean fitness is 2sd ABðtÞ ð1 + I A I B Þ, which is zero when I A = −I B (and both have an absolute value of 1). Opposing patterns of imprinting remove the beneficial effects of LD on mean fitness because the two alleles that are inherited together are never expressed together and hence the pattern of association between alleles that are coinherited (i.e., the pattern of LD) is not "seen" phenotypically. Indeed, when both imprinting modifier loci cause opposing patterns of imprinting at the interacting loci [so i A(C) and i B(D) are of opposite sign], then selection favors the nonimprinting allele at both of the imprinting modifier loci (Eqs. 3 and 4) and we would, therefore, expect the system to evolve to a nonimprinted state (Eqs. 5 and 6). Thus, selection can enhance coadaptation between interacting loci by favoring imprinting alleles when the imprinting modifier loci cause coordinated imprints, but can also enhance coadaptation by favoring the loss of imprinting alleles when those alleles cause opposing patterns of imprinting at a pair of interacting loci.
Perhaps the most important implication of this model is that it suggests that some loci may not reflect an evolutionary history of selection having specifically favored either maternal or paternal expression per se, but instead they have coevolved their expression pattern to follow the pattern of their interacting partner(s). In such a scenario, some imprinted genes presumably play a direct role in some process that generates selection for uniparental expression and, as a result, evolved to become imprinted, but other loci that are not directly involved in that process may evolve to become imprinted because they interact with an imprinted gene and hence have simply "followed their lead." Given the complexity of biological systems there are likely to be a diversity of scenarios in which two loci interact but only one of the two is directly selected to have imprinted expression (which is presumably reflected in the fact that, for instance, only some of the loci expressed in the placenta are imprinted). For example, under a conflict scenario (e.g., ref. 29) one locus could influence some component of placental development that influences extraction of maternal resources through the placenta, whereas the second locus is involved in some component of placental development that does not influence extraction of maternal resources. The two loci could interact during placental development and jointly influence placental function despite the fact that they do not both modulate parent-offspring conflict. Such scenarios could potentially explain why, although many genes appear to have gross phenotypic effects consistent with one or more of the "adaptive" theories (51), many imprinted genes have phenotypic effects that appear inconsistent with theoretical predictions (18, 52) . Of course we probably do not fully understand the full patterns of phenotypic effects of imprinted genes and predictions from theories can be complex (e.g., refs. 25, 26), but it is important to consider the possibility that some genes have been "converted" to imprinting through the evolution of coadaptation and, consequently, will not have effects that are not consistent with other theoretical predictions.
Because this model does not make any assumptions about why at least one gene evolves to become imprinted at the start of the coadaptation process, it is of course possible that none of the genes involved in an interaction currently play a role in any of the processes laid out by the various existing theories for the origin of imprinting. For example, a gene may have evolved to become imprinted because of its role in conflict, but the basis for conflict may no longer be present (e.g., the mating system may have changed) or the specific gene function may have shifted. However, once both genes in an interacting pair have evolved to be imprinted, and the presence of imprinting enhances the coadaptation between those genes, then selection can favor the maintenance of imprinted expression because of its contribution to coadapted gene expression. It is, of course, also possible that selection never favored parent-of-origin-dependent expression per se, but there may have been some sort of "epigenetic drift" where one locus randomly evolved some degree of imprinting and, as a result, selection favored a matching pattern of imprinting at its interacting partner, resulting in a reinforcing process where the pair of loci evolved to a jointly imprinted state. As a result, none of the loci would necessarily have effects consistent with the predictions of the various models, but the coadaptation process would maintain the imprints because they coordinate coadapted gene expression.
Because most models for the evolutionary origins of genomic imprinting represent broad scenarios and therefore rarely include specific mechanistic details, it is difficult to predict or generalize about which processes are the most likely to produce the sorts of evolutionary scenarios envisioned by this model. However, data on the IGN have demonstrated that imprinted genes interact to influence prenatal growth and development in mice (33), potentially through interactions in the placenta (43) , suggesting that theories such as conflict (29) and maternal-offspring coadaptation models (6) (which are perhaps most relevant to prenatal growth and development) may be particularly likely to initiate the evolutionary process described by this model. Indeed, the IGN includes the imprinted H19 and Igf2 genes that have been especially important in the development of the conflict component of the kinship theory (51) . Finally, this model makes several broad potentially testable predictions, with the most notable prediction being that genes that interact to affect fitness should show coordinated imprints. We would also expect variation at loci that interact to affect fitness to be in LD and, therefore, one could potentially examine whether imprinted loci showing LD tend to show coordinated patterns of imprinting. Because opposing imprints interfere with the evolution of coadaptation and negate the potential fitness benefits of coadaptation through the evolution of LD, opposing imprints between genes that interact to affect fitness would provide data that are in conflict with the pattern predicted by this model. This model also predicts the possibility that some of the imprinted genes that have effects that are inconsistent with adaptive models for the evolutionary origin of imprinting may have evolved imprinting to match the pattern of their imprinted interacting partners. In such cases we would expect that the evolution of the imprinted status at the "leaders" in the process (which presumably evolved imprinting under one of the various adaptive theories) should predate and potentially be more taxonomically widespread than is imprinting at the "followers" (because establishment of imprinting at the leader locus would have provoked the evolution of imprinting at the follower locus). The IGN, which includes many interacting imprinted genes (33), may be a particularly valuable system to test these predictions, although relevant data are lacking. For example, the fitness consequences and patterns of natural allelic variation at the genes involved in the IGN are unknown as is whether there is any relevant LD. Aside from the IGN there are presumably classes of genes, such as those that show patterns of stringent allelic interactions (e.g., oligomers or trans-acting antisense sequences), that are likely to evolve coadaptation and could potentially provide important test cases.
